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AN INVESTTIGATION OF THE SPIN AND RECOVERY CHARACTERISTICS .

OF A %—SCALE MODEL OF THE DOUGIAS D-558-IT ATRPLANE

By Stanley H. Scher and Lawrence J. Gale
SUMMARY

An Investigation of the spin and recovery characteristics of a
g;—scale model of the Douglas D-558-IT airplane has been conducted in the

Langley 20—foot free—splmning tunnel. The effects of control settings and
movements upon the erect and Iinverted spin and recovery characterlstics of
the model were determined for the modsl in the normsl design gross weight
loading. The effects of varyling the stabilizer incidence, extending slats,
and removing the stall-control vanes were also determined. Tests were also
performed to determine the effects of ventral fins on the spin and recovery
characteristics and to determine the spin—recovery perachute requirements.

The recovery characteristics of the model In I1ts orlginal deslgn were
considered to be unsatlsfectory inasmuch as recovery from the flatter of
two types of spln, indicated as possible, was sometimss slow. Installation
of a large ventral fin elimlnated the flat spin and made the recovery charac-—
teristics of the model satisfactory. Verylng stabilizer incldence, extending
slats, or removing the stall—control vanes hed little effect on the spln and
recovery characteristics. Tests and anslysis Indicate that a 6.8-foot—diameter
hemispherical tail parachute with & drag coefficlent of approximately 1.17
(based on projected area of hemispherical canopy) or an ll-foot—-diameter flat tail
parachute with & drag coefficient of 0.65 (based on area of flat canopy) would be
satlisfactory as an emergency spin—recovery device.

INTRODUCTION

An investigation was conducted in the Langley 20-—foot free—spinning
tunnel to determins the spin and recovery characteristics of a E%—scale

model of the Douglas D-558-IT airplane. The airplene is a singie—place,
rocket—rropelled, transonic research alrplane,
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The erect and Inverted spin and recovery characteristics were
determined for the model in the normal deslgn groass welght loading, clean
condition. The effects on the spin and rec_o_v'rery characteristics of varying
the stabllizer incidence, extending the slats, and removing the stall-control
vanes were also determined. Two sizes of ventral fins were tested in an
attempt to improve the spin and recovery characteristics of the model and
the effects of tall and wing—tip parachutes as devices for emsrgency
recovery from the spin were investigated.

SYMBOLS

b wing span, feet

S wing aresa, square feet

ol

mean aserodynamlc chord, feet

x/c ratio of distance of center of gravlty rearward of
leading edge of mean aerodynamic chord to mean
aerodynamic chord

Z/C ratlio of dlstance between center of gravity and fuselage
reference line to mean aerodynamic chord (positive
when)center of gravity is below fuselage reference
line

m mags of airplane, slugs

Ixs Iy Ig moments of lnertla about X, ¥, and Z body axes reapectlvely,

slug-—feet2

Iy ~T

XY inertls yawlng-moment parameter
mb2

I+ -1

4 5 Z inertia rolling-moment parameter
mb

Iz - T

Z 5 X 1nertis pltching-moment parameter
mb
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p air density, slugs per cubic foot.
u relative density of airplame [ -E-
pSb
a angle between fuselage reference line and vertlcal (approx.

equal to absolute value of angle of attack at plane of
symetry), degrees

@ angle botween span axis and horizontal, degrees
full—sgcele true rate of descent, feet per second

a full-scale angular velocity about spin axis, revolutions
per second

APPARATUS AND METHODS

Model

The é%—scale model of the Douglas D—558-II airplane was received and

was checked for dimensionsl]l accuracy and prepared for testing by the Langley
Laboratory. A three—view drawing of the model is shown In figure 1 and a
photograph of the model 1s presented 1n flgure 2. Dimensional characteristics
of the alrplane represented by the modsl are given in table I. The values in
table II for unshilslded rudder volume coefficient, tall—damping ratio, and
tail—damping power factor were computed by the method of reference 1.

Figure 3 is & sketch showing the dimensions and location of the wing slats
tested on the model and figure U4 shows sketches of the ventral fins that were
Installed on the model for some of the tests. The stall-control vanes
instelled on the model were an integral pert of the airplane design and,
unless otherwise indicated, were on the wing of the model for all spin tests.

The model was ballasted with lead weights to obtain dynamic similarity
to the airplane at an altitude of 15,000 feet (p = 0.001L496 slug per cu ft).
The welght, moments of inertis, and center—of—gravity location of the air—
plane were obtained from data furnished by the Douglas Alrcraft Company. A
- remote—control mschaniem was installed in the model to actuste the rudder
or open the parachute for recovery attempts. Sufficient hinge moment was
applied to the rudder during the recovery tests to move it fully and rapidly
to the desired position.

Both conventional flat—type silk parachutes (porosity approx. 120) and

& hemispherical-type high—porosity nylon stable parachute (porosity 400) were
used 1n the model tests; the porosity of the parachute is based on the cubic
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feet of alr that will pass through one square foot of the cloth per
minute under a pressure of one—half Inch of water. Drag coeffliclents of
the parachutes were measured at the time of the tests.

Wind Tunnel and Testing Technlque

The tests were performed 1n the Langley 20—foot free—spinning tunnel,
the operation of. which ls gemerally simiiar to that described in reference 2
for the Langley 15-foot free—spinning tunnel except that the models are
launched by hand with spinning rotatlon into the vertically rising alr stream
rather than belng launched by spindle. The airspeed is adjusted until the
drag of the model balances the welght and, after a number of turns in the
established spin, recovery is attempted by moving one or more controls by
means of the remote—control mechaniam, After recovery, the model dives Into
a safety net. The model is retrieved, the controls reset, and the model is
then ready for the next spin. A photograph of the D-558-IT model spinning
in the test section of the tummel 1s shown as figure 5.

The spln data presented herein were obtained and converted to corre—
sponding full—scale values by methods described in reference 2. The turns
for recovery were measured from the time the controls were moved or the
parachute was opened to the time the spln rotatlion ceased and the model
dived into the net. For recovery attempts ln which the model struck the
safety net while it was st1ll In a spln, the recovery was recorded as
greater than the number of turns from the time the controls were moved to
the time the model struck the net, as >3. A >3-bturn recovery does not
necessarily indicate en improvement over a >8-turm recovery. For
recovery attempts In which the model d4id not recover 1in less than 10 turns,
the recovery was recorded as «o. When the model d1d not spin but
recovered wlthout control movement with the controls set with the spin,
the result was recorded as ™no spin.,"

In accordance with the standard free—splnning—tunnel test procedure,
tests were made to determine the spin and recovery characteristics of the
model at the normal spinning control configuration (elevator full up,
ailerons neutral, and rudder full with the spin) and at various other
alleron—elevator control combinations including zero and maximm settings
of the surfaces for various podel configurations. Recovery wes generally
attempted by raplid full rudder reversal. As ls customary, tests were also
performed to evaluate the posslble adverse effects on recovery of small
deviations from the normal control configuration for spinning. For these
tests, the elevator was sei at two—thirds of ite full-up deflection and
the ailercns were set at one—thlrd of full deflection in the direction
conducive to slower recoveries (against the spin for the D-558-IT model).
Recovery was attempted by rapldly reversing the rudder from full with to
only two—thilrds against the spin. This partlcular control cornfiguration
and manipulation is referred to as the "criterion spin." Recovery
characteristice of the model are considered satisfactory 1f recovery from

S



NACA RM No. L8K19a ] 5

this criterion spin requires 2% turns or less; this velue has been selected

on the basls of full—scale airplans spin—recovery data that are avallable
for comparison with corresponding model test results.

The testing technique for determining the optimum size of and the
towlins length for spin—recovery parachutes 1s described in detall 1in refer—
ence 3. For the tail-parachute tests, the towline was attached to the model
at the plane of symmetry umder the back end of the fuselage. For the wing-—
t1p parachute tests, the towline was attached to the outboard wing tip
(right tip for left spins), the towline length being such that the fully
open parachute would Just mise the horlzontal teil, and the parachute was
packed on the wing. The tall parachute and the wing parachute were placed
on the fuselage or wing, respectively, in such a position that it dld not
appreciaebly influence the steady spin before the parachute was opened. It
is recommsnded that the perschute be pecked within the wing for a full-scale
wing-parachute installation, and that any full—-scale parachute lnstallation
be provided with a positive means of ejection. For the current model tests,
the rudder was held with the spin during attempted recoveries so that the
test results were due entirely to the effect of opening the parachute. '

FRECISION

The model test results presented herein are believed to be the true
valuses given by the model within the following limits:

Gy, BETOOE & & &« 4 & o o o o = s s s o o o o v & o o s s o o o & s o Ll
P, AOEYOOB & v ¢ o « o o o o & o o e o 4 e e w0 s e e e v e e e . . H
V, POTCENE & & o 4 ¢ « o o s+ o s o o o s o o s a s s s o s o =« « « « L5
R, PETCONE & v 4 o o o o ¢ o s o o s s s o 8 o e s s o s s e o 8 o . T2

Turns for recovery:
From motion—plcture records . . . « « ¢ o« « o ¢ ¢ o o o o ¢ o o = 1;%

The preceding limits may have been exceeded for certain splns in which
it was difficult to control the model in the tunnel because of the high rate
of descent or because of the wandering or osclllatory nature of the spin.

Comparison between model and airplane spin results (references 2 and 4)
indicates that spln—tunnel results are not always in complete agreemesnt with
airplane results. In gensral, the models spun at a somewhat smaller angle
of attaeck, at a somewhat higher rate of descent, and wlth 5° to 10° morse
outward sideslip than did the corresponding alrplanes. The comperlson made
in reference L4 for 21 airplanes showed that 16 of the models predicted
satisfactorily the corresponding alrplane recovery characteristics and
that 2 of them overestimated and that 3 of them underestimated the corre—
gponding number of turns for recovery.
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Baged on the data presented 1in reference 5, 1t appears that good
correlation exists between modsl and full—sgcale spln recoveries effected
by tail parachute. No comparable full—scale data exist for wing parachutes.

Bocause of the imprecticability of bellasting the model exactly and
because of inadvertent damage to the model during the spin tests, the
measured weight and mess digtribution of the model varled from the true
scaled—down values. The following table shows the range of weight and mass
distribvution variations mesasured for the model:

Welght, percent « o ¢ o« o o ¢ o « « o s o o ¢ s o s o o « = 1l low to ©
Center—of—gravity location, percent T . . . ¢« ¢« ¢« « « 0O to 1l rearward
Moments of inertia: S

Iy, Porcent . o o v o o o o ¢« 4 « 4 s o s s 0o s 0« . . Oto 6 high

Iy, porcent . o o v o o ¢ v o v v b e o e e @ e s 0. 0 to 5 high
IZ’ erGn-t ] ] (] - . L] . . . L] L] - - L[] L] - . L] L[] . - - O tO 5 high

The accuracy of measguring the weight and mass distribution of the
model 1s belleved to be withln the following limlts:

Wolght, percent . o & & o ¢ ¢ ¢ ¢ o ¢ 4 o o o ¢ o 5 o s o s o o o o o £
Center—of —gravity location, percent T . . ¢« ¢ « ¢ « ¢ « « o o ¢ « o« X1
Moments of Inertla, percent . . ¢ ¢ ¢ & ¢ ¢ ¢« ¢ * o ¢ o ¢« o ¢ ¢ ¢« « o X5

The controls were set with an accuracy of ilo.
TEST CONDITIONS

The mess characteristics and inertla parameters for loadlings possible
on the D-558-I1 airplane and for the loading tested on the model are listed
in table TII. The inertias paramsters for the loadlings of the eslrplane and
model are plotted in figure 6. As discussed in reference 6, figure 6 can
be used as an aid 1n predlcting the relatlive effectiveness 6f the controls
on the sepln and recovery characterlistics of the model.

The maximum control deflections used in the tests were:
Rudder, degree8 « « « ¢ ¢ « 2« ¢« o o« o o« s o s o« s o « » 25 left, 25 right

Elevator, degreos « « « « o ¢ « o o o o o o o o o & & &« 25 up, 15 down
Allerons, GOZre68 « « « o o s o o o o o o o o s & & a @ 15 up, 15 down
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The intermsdiate control deflections used in the tests were:

Rudder two—thirds deflected, degrees . . « « ¢ ¢ o ¢ ¢ ¢« ¢« & & « « o 1

Elevator two—thirds up, degrees . .« ¢ « o o » o o s s o s « o s s o« 1

Ailerons one—third deflected, degrees . . ¢« ¢« ¢« « = « + « 5 up, 5 down

For all the tests, the landing gear and lending flaps were retracted
and the cockplt was closed. For soms of the tests, slats were extended or
ventral fins were installed.

RESULTS AND DISCUSSION

The splins and recoveries obtained with the model were not similar for
left and right spins. In the initial tests, spins to the right were
gonerally steep and recoverles rapid, whereas spins to the left were
generally flat and recoveriles unsatilsfactory. During the test program
thig asymmetry in the model results reversed ltself 1n direction several
times. Measuremsnts and special tests were made in an attempt to determine
the cause of the asymmetrical results but no appreclable misallinemsnt of
the model or any other cause for the asymmetry was found., Indications are
that the asymmetrical results were caused by inadvertent model asymmetry
which, although it was too small to be measured, nevertheless affected the
regults of the current design appreciably. During the course of the
investigation a new wing was bullt for the model and the results of check
tests made on the model with the new wing installed were generally similar
to those for the original wing. It appears that small variations in the
airplene construction, within production tolerances, may also cause the
full-scale airplanes to have varying recovery characteristics with the
possibility of unsatisfactory recoveries.

The model date are presented in terms of full-scale values for the
ajirplane at a test altltude of 15,000 feet. TUnless otherwise stated, all
tests were performed with the model in the clean condition (cockpit closed,
flaps neutrsl, landing gear retracted, slats retracted, and stall-control
vanes installed).

Erect Spins
Basic clean condition.— The erect spln test results obtalned with

the model in the normal design gross weight loading for 0° stabilizer
incidence are shown in chart 1. The right spins obtalned were wlde radilus,
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wandering spins which were ocscillatory in roll and yaw. Recoverles by
rudder reversal were rapid. The left splns obtained were generally flat
with gradual oscillatlons in . pitch and an occasional irregular rolling
motion, The rolling motlon consisted of the outboard wing (right wing

in the spin to the left) rolling down between 10° and 20° below horizontal
and immedlately rolling upward to a few degrees sbove horizontal and then
returning to an approximately level attlitude. Recovery characteristics
from the left spins were generally umsatisfactory; but for some of the
Individual recovery attempts for some of the spins, satlisfactory results
were obtalned. It appears that the satisfactory recoverles were assoclated
with the aforementloned rolling motion, in that they occurred .when the
rudder happened to be reversed Just as the outboard wing rolled down. It
1s also significant that the model occasionally ceased spinning without
movement of the controls, following the rolling down motion of the outboard
wing. Based on the aforementionsd unsatisfactory recoveries, 1t appears
that from certain flat spinning conditions indicated possible on the air—
plane, reversing the rudder willl have no apprecieble effect on the spin.
The possible ineffectiveness of the rudder was also Indicated on the model
by a few tests in which the model was launched wlth spin rotation with the
rudder set full agalnst the spln and either a no—spin condition or a flat
spln was ¢btained. Inasmuch as the mass distributions for all loadings
indicated as possible on the D-558-II airplane are not appreciably different
from those for the normal design gross welight loading tested, 1t is believed
that the spin and recovery characteristics obtained during the model tests
for the model in the normal deslgn gross welght loadling are generally
applicable to the other possible loadings of the alrplane.

Because of the umnsatisfactory recovery characteristlcs indicated by
the model test results as possible on the D-558-IT airplane, intentional
splmning of the slrplane should be avolded. The unsatisfactory recovery
characterlstics appesar to be contrary to what would be expected from the
gspln~recovery criterion presented in reference l. However, the mass
distribution in the D-558-TT airplane 1s extremely heavy along the
fuselage as compared to the wing and is far beyond the range covered by
the empirical criterion in reference 1l: therefore the criterion is not
directly applicable to the subject alrplane. Brlef tests were made with
the model reballasted so that the lnertia parameters fell within the

Iy -~ L
range covered by the criterion of reference 1 <-3L—7§¥Z = =300 X lO‘lL
mb
and the recoveries were satlsfactory for thls condition.

Effect of varied stabilizer incldence.— The results of brief tests
(deta not presented in chart form) 1n which the model stabilizer incidence
was set at 4° leading edge up and 6° leading edge down {from fuselage
reference line) generally were similar to those obtained with 0° stabilizer
incidence as shown in chart 1.
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Effect of slats.— Por the investlgation of the efifects of slats on
the spin and recovery characteristics of the model, the previously discussed
asymmetrical characteristics had reversed and steep spins and generally.
rapid recoveries were obtained with the model in the basic clean condition
for left spins., The results of tests of the model for the steep left apins
both in the baslc clean condition and with the slats extended are presented
in chart 2. Extending the slats had only a2 slight beneficilal effect in
that recoveries were somewhat more rapld. Brief tests of the model for
flat spins (results not presented) showed no apprecisble effect of
extending the slats on the spin and recovery characteristics of the model.

Effect of stall-comtrol vanmes.— The results of brief tests indlcated
that removing the stall—control vanes on the wing of the model had no
effect on the spin and recovery characteristics of the model.

Effect of ventral fing.— The results of tests made In an attempt to
improve the spin and recovery characteristics of the model by the addition
of a ventral fin are presented in table IV. Because the flat spins and
poor recoveries discussed previously (chart 1) were difficult to obtaln
regularly, at this point in the test program the model was purposely
misalinsd in order to obtain flat spins and poor recoveries similar to
those presented in chart 1, and the effect of adding a ventral fin was then
determined from thie adverse condition. Two slzes of ventral fins were
investigated. The addition of & smell ventral fin (ventral fin no. 1 in
fig. 4) had little effect on recoveries, the results being similar to those
obtained with the model in the clean condition. The addition of a larger
ventral fin (ventrsl fin no. 2 in f£ig. 4), however, eliminated the flat
spins and led to recoverles which were satisfactory.

Inverted Spins

The model would not spin in an inverted attitude either to the right or
to the left when the rudder was held full with the spin and the allerons and
elevator were neutral. Although the recovery characteristics were not
investigated for other control confilgurations, an analysis of the results of
spin tests of other similar models indicates that the D-558-TT airplans
should recover satlsfactorily from an inverted spin by reversing the rudder
and neutralizing the stick both laterally and longltudinsally.

Landing Condition

The landling condition was not tested on the model. An analysis of full-—
scale and model tests indicates that the extension of flaps usually has an
adverse effect on recovery characteristics (reference T) and although the
D—558-I1 airplane will probably recover satisfactorily from an incipient
spin in the lending conditlion, recoveries from fully develored spins will
be unsatisfactory. It 1s recommended therefore that recovery be attempted
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and the flaps be neutralized immediately upon entering an insdvertent
spin in the landing condition in order to insure that trensition from the
inciplent to the fully developed spin does not take place.

Spin-Recovery Parachute Tests

Even though it was understood that for the D-558-IT airplane the normal
spin demonstration in flight was walved, teats were conducted to determins
the optimm size parachutes that would be needed as an emergency device to
effect recoveries from uncomtrollable spins. The test results obtained
with spin—-recovery parachutes are presented in table V. Tho recovery
attempts were made “from a spin that was flat and from which recoverles by
rudder reversal were unsatisfactory (elevator neutrel, silerons neutrael; see
chart 1). The test results indicated that a conventional flat—type unstable
parachute 11 feet in dlameter (full-scale) with a drag coefficient of
approximately 0.65 (based on ares of flat canopy) er a hemispherical
high-porosity stable parachute 8.85 feet in diameter (full-scale) with a
drag coefficient of approximately 1.17 (based on projected area of hemis—
pherical canopy) would rrovidé satisfactory recovery By parachute action
alone 1f opened from the tail of the alrplane on the end of a towllne of
the order of 50.5 feet and 37.5 feet (full-scale) long, respectively. The
aforementioned 8.85-foot-diameter (full-scale) parachute was the emallest
hemispherical-type perachute available when the tests were made. Refer—
ence 8 indicates that for porosities up to 200, a hemispherical tail
rerachute which provides approximetely TO percent of the drag of a
conventional flat-type tall parachute will give spin recoveries similar
to those obtained with the flat-type parachute, and on this basis a
6.8-foot—dismeter hemispherical parachute with a dreg coefficient of
approximately 1.17 would probably be effective as an emergency spin-—
recovery device. As pointed out in reference 8, the principal advantage
of using a stable parachute 1s that during lev'el flight check runs the;y' do
not cause violent pitching and yawing gyrations of the airplane as 'do
unstable tail parachutes. Additional test results (data unpublished)
have indicated that parachute opening, stablility, and drag characteristlics
may vary with velocity; therefore, it is recommended that before a parachute
pelected as a spin-recovery device is put to practical use it should be
tested at alrspeeds simlilar to those encountered in spins to make sure
that 1t will open in the sir stream and that it has sultable drag and
gtabllity characteristics.

Neither of the two wing-tip parachutes tested (6.25— and 8.35-foot—
diameter flat parachutes, full-scale)} led to a satisfactory spin recovery
because the towline length wes restricted. Longer towlines or larger
wing-tip perachutes could not be used in the Dresent tests because of the
nearness of the sweptback-wing tips to the tall surfaces and subsequent
probability of foullng the tail surfaces. After the peck was opened,
the parachute appeared to be 1n the wake of the outboard wing and,
alternstely, inflated and collapsed on the wing even though it was clear
at times. Thls result is in agreement wilth those of reference 9, wherein
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it 18 indicated that the wake effect behind a stalled wing may prevent a
wing—tip parachute from orening if the towline 1s short.

Control Forces

The discussion of the results so far has been based on control effec—
tivensss alons without regard to the forces requlred to move the controls.
For all tests, gufflclent force was applied to the model rudder to move 1t
fully end rapldly. Sufflclent force must be applied to the airplane rudder
control to move it in a similar menmner in order for the model and airplane
results to be comparable. Based on the data presented in reference 10 an
estimation of the force required to reverse the rudder fully and repidly
against the spin was made, and it was found that the force would be small
(vnder 75 1b) and well within the capebilities of a pillot.

Recommended Recovery Technigus

Basged on the results obtained with the model and upon general spin~—
tunnel experience, the following recommsndations are made regerding spinning
for all loadings and conditions of the D-558-IT ailrplans: Intentional
spinning should be avoided. If, however, a spin is insdvertently entered,
corrective controls should be applied immediately. For erect spins, the
rudder should be reversed briskly to oppose the spin rotetlon followed
immediately by movement of the stick to laterally neutral and forward far
enough to effect the recovery dive; care should be exercised to avoid
excessive acceleratlons in the recovery dive and pulli—out. If flaps are
extended, they should be Iirmwdiately neutralized and recovery attempted.
If apin rotation 1s encountered while in an lnverted attitude, the rudder
should be reversed briskly to oppose the rotation and the stick moved to
neutral (laterally and longitudinally).

CONCLUSIONS AND RECOMMENDATIONS

Based on results of spln tests of a é;-scale model of the Douglas

D-558-IT airplane, the following conclusions and recommendations regarding
spin and recovery chaeracteristics of the girplane at an altitude of
15,000 feet are made:

1. The critical nature of the deslgn with regards to spin recovery
may meke recoveries from fully developed flat spins unsatisfactory and
therefore lntentional spins should be avoided.,
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2. Recovery should be attempted lmmedliately upon entering sn lnadvertent
spin. For recovery from erect spins, the rudder should be reversed fully and
rapldly and then followed Immediately by movement of the stick to laterally
neutral and forward of neutral.

3. Satisfactory recoveries from any inverted spin that may be obtalned
will be possible by reversing the rudder and neutralizing the stick.

4. The rudder—control force encountered in s spin will be well within
the capabilitles of the pillot.

5. If a spln 1s insdvertently entered In the lending condition or with
Just the flaps extended, the flaps should be neutralized and recovery should
be attempted immedlately.

6. Varying the stabilizer incidence from L® leading edge up to 6° leading
edge down, opening the wing slats, or removing the stall-control vanes will
have no aprreciable effect on the spin and recovery characteristicsa.

T Installetion of a large ventral fin will lead to satisfactory recovery
characteristics.

8. A 6.8-foot—diemeter hemispherical tail parachute with a drag coef—
ficlent of approximately 1.17 (based on projected aree of hemispherical
canopy)or an ll-foot-diasmeter flat tail parachute with a drag coefficient
of approximetely 0.65 (based on area of flat canopy) will be a satisfactory
emergency device for effecting recovery fram an uncontrollable spin.

Langley Aeronautical Iaboratory
National Advisory Committee for Aeronautics

Langley Fleld, Ve.
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TABLE T.— FULL-SCALE DIMENSIONAL CHARACTERISTICS OF THE DOUGLAS D-558-IT

ATRPIANE AS REPRESENTED BY THE g;ﬁSCAIE MODEL

Fuselage length, ££ « &+ ¢ o &+ s o = o ¢ « o« o o s o o o« s « o« « 44,50

Wing:
Spazl, ft L] . . « ® o L . . .« & @ . . . . . ¢« & ¢ 9 e o = = 25:00
Area, 89 f£ ¢ ¢ @ ¢« v o o ¢ e o b e e e o s a e e s s s e o« 17500

b=
&
b5
o
)
s
]
o

Section, oot . .+ « 4+ ¢ & ¢« v 4 o o
Section, tip . . « . . . .

Root chord incidence, deg . . « « + ¢ & « + & . 3
Tip chord Incldence, deg . . e s s b & e e o = s s s e u 3
Aspect ratbio .+ ¢ v 4 4 e 4 . . e e s st e e et e e e e 3.6
Sweepback of wing 30 percent chord AeE « « ¢ o ¢ + o o & o 35
Dihedra.l deg e ¢ o a o &= e e ® ¢ e &6 8 &« ® € ¢ e @ . _3

Mean aerodynamic chord length, in. e o .« . 87.301
leading edge of mean asrodynamic chord rearward of

leading edge of wing at alrplane center line, im. . . . . 54.125

Afilerons:
Chord (rearward of hinge line) percent
Oof wing chord . ¢« ¢« &« 4 ¢ &4 o« ¢ o « o o o o « s o o s o 15.0
Aree. (rearward of hinge line) percent
Of Wilg AIre8 v v v « v o o o « o o o o o o s o s o s o o 5.6
Span, percent of wing SemispPan .« .« « ¢ o o o o s ¢ o o o o . 45.3

Horlzontal tall gurfaces:
Total area, sq ft . . + . . . s e v s s a e e e 39.90
Elevator area (rearward of hinge lineL sq i AU 9.48
Digtance from center of gravlty to elevator hinge
line at plane of symmetry for normal design
groes welght 10o8ding, FL . « v v « o o o ¢ o ¢ ¢ o ¢ « « « 19,61

Vertlcal tall surfaces: )
Total area, sq £t . . . e e o v o o e e v s e v o 32.99
Rudder aree (rearward of hinge 1ine) =10 J 1 A 6.15
Digtance from center of gravity to rudder

hinge line at base for normal design
gross welght loading, f£ o ¢ ¢« ¢ ¢ ¢ o o o o o o o = o o« » 1G.41

NACA
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TABLE II.— TATT—DAMPING POWER FACTORS FOR THE VARTOUS TAIL

CONFIGURATIONS TESTED ON THE E:;—-SCALE MODEL OF

THE DOUGLAS D-558-TIT ATRPLANE

Tall configuration TDR TRVC TDFF
Original 0.2645 {0.0333 | 8,808 x 1076
Ventral fin mo. 1| .3113 | .0333 | 10,366

installed
Ventral fin no. 2 .352il— 0333 111,735
installed

15



TABLE TIY.— MAGS CHARACTERYSTICS AND THERTTA PARAMETERS FOR LOADING CONDITIONS FOSSTALE ON THE

[uodo.l valuss convarted to corresponding full-scale valuss;

moments of inertis are given sbout canter of gravity]

Alrplans relative

Momente of inertia

deneity Center of gravity (slug—-fta) Inertis parsmetera
No. Loading Wolght
xfr fz Iy | T iz Z_ 1
level fest 2 4 nh2 ml? ab2
Alrplans values
Hormal design _ ~ ’ 4
1 gross wolght 11,250 | 33.6 53.3 0.205 0.026 2895 | 29,331/30,849 {1211 x 10 l—'ro x 107 |1281 x 10
Nose—hecary .
2 doaign groas 11,250 | 33.6 53.3 159 | -.03 2900 | 29,29%5|30,806 [-1209 69 1278
wolght
Tall—heavy
3 dgaign gross 1,250 | 33.6 | 53.3 28 | —o3 2891 | 29,254 30, T74 {1207 70 1277
welght
Normal gross
welight; 230 gal -
h asoline and 1/2 11,54 | 345 5.9 202 .03 2966 27,380_ 28,877 i1-1087 67 1154
rockst fusl
Overload groes
welght; 250 gal o
? gasolive and pur1| 13:139 | 392 [ 623 200 | -.09 3058 | 30,348{31,816|-1070 58 1128
rocket fusl
Hodel valpes
Normal design ]
1 grons welght 11,182 | 33.% 53.0 0.205 [-0.01 1024 | 30,167(32,158]-1252 |90 134k

ST
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TARLE IV.— EFFRECT OF VEWTRAL FINS ON THE SFIN AND RECOVERY CHARACTERISTICS
orm%mmmmormmmn-sse—nmm

|:Hm.'ma.'|. dssign groes welght loading, stall-comtrol vanes ingtalled,
glats retracted; stabilizer incidsnce k° leading edge up (vecovery
attempted from and ateady—sepin data presented for rudder full-
with apins); right erect apd.ns:l

Ventral fin ng. 1 Ventral fin no. 2

o e fapalind (0 togailod (e
Allercns 1/3 against Reutral 1/3 ngainst 1/3 againat Bsutral
Elsvatar 2/ up Byp %2/3 up G2/3 up Up
a, dog by 3 38 to U9 35 to 5%
g, dog b3p o 150 ?’ 8D to U 5D to 150
Q, rps 0.197 0.197 " 0.196
v, o8 2h9 249 2hg 270 270
m?:’:ry L3, b8, 48 >h 2 53 3L, &2, %3, &g "33, w,% 3%

S7yo conditions posalbls, Eg:

Decillatory apin, range of values or sverage valus glven.
CWandoring and oscillatory apin, rangs of valuss or average velus glven.
8ppcovery attempted by reversing the rudder from full with to 2/3 against the spin.

Model values comverted to corresponding full-scale values.

U loner wing wp Y
D inmer wing down

BOTHRT ‘OM WI VOVN
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TABLE V.~ SPIE-RECOVERY--PARACHITE DATA OBTATNED WITH THE ---SCALE

MOTEL OF THE DOUGLAS D-558-IT ATRPLANE

25

E[.ert apina; allerons neutrel, elevator neutral; normal
design gross wolght loeding, slets retracted, stali-
control venss Installed; recoverlies attempted from
established spins; rudder held with the syin]

Parachute data
Shroud line
Fumber of length to | Towline
m Damater ghroud mmhm lﬁngbh, B’Dra.g coafficient Turne for rocovery
feet linea diamoter feet
ratlio
Tail perachutes
Homiso—
herdcal] 8:85 12 2.59 37.5 Approx. 1.17 1, 1, i;, 1};, 1-'1|;
Flat 1 8 1.32 50.5 Approx. .65 12, 2, 1 1k 1k
2 27 4
Flat 10 8 1.33 55.2 Approx. .65 %, >k, 112-, 1-1:, i—, 1, 36, 132=
Wing+1p parachutes
Flat 6.25 8 1.25 L.16 Apmrox. 0.65 k, 8
Tlat B.35 8 1.50 0 Approx. AT 7, 10

BRaged on surface sres for flat-type parachute and on projected aree for hemispherical—t{ype parachute.

<A
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COHART 1.~ SPIN AND RECOVEAY GHARACTERIBYIOS OF THE é‘-B&\LE WODEL, OF THE DOUGLAS D-558 -~ II AIRPLANE

[lornl design gross walght lomding; slats retracted; stall oontrn]l vanes lnstalled; horlsontal tall inoldence 0°; atendy-spin
data presented for and recovery attespted from rudder-full-with spins; recovery attempted by rapld full ™adder roverasl
axcept as not

BATIRT *ON WY VOVN

'6 Laft spins W E Right spins
8 o g8
10D 20
B & | g
7 oD
?D 130 228 oo, ¥o spin % |ap
%, %
' N
228 0,21 'dm_ T 2l o pin
T af of] 1 b o
Allerons ] Allerons .
15 amg.tlﬁm | 28, 13 ammaes (B % 5 Bluz
ég ;'g Twa oonditions :§ §.§
a a b = poseibla =~ | Elro unﬁ. Gions possible
49| 3 49 | o¢ 20 | 2D All-
69 |1my 65 |16u 51 |15 srona
mﬂ.lerunl Allerons fuﬁlm. . . ‘r::%
against full with againa
2281 0.2
{020 T raor magnt) | 228 | 02 (gerox 1ert) |_M° PRI %o |sP1n [Tiriok 1ore) | 0¥ P-20| Mo |spialigsyo
0,d 58 h e a right
1§; 5, 104 & oy ™ i' E’
5 5813 B
lu"'g g g Ba M
EE: géE 55k
B h — '1 Ha o
30 |2op . | 27D ’
62 |370 %g | 20U
24z2|0.20 256 p.20 357 No J?m
»l, o0 13, 18 2 L}
'lo:lollude yery g{;ﬁl oz:uhtiom 5.;1 p:.;nh uu;l an oocaalone o P
™ motion; range of values given.
Bodel ocoasionally eeasad spioning without IO‘V!EOME of the control surfaces. Hadel :‘i“t: {seg)| (aeg)
CRuddar revarsed ss outboard wing rolled down. canverks 7 =
JHuAder reversed as cutboard wing rolisd up, ;":ﬁ"@;i'm trna)| (e
o ar reversed vhan wing was level. o/3 © v alu::u ° fpa)| (rps
ov¥ery attemptad by reversing the rudder frof full with to against the spin. M
andoring, wide radlns epin; omclllatory in roll and yaw; “n? of values given. g m"‘ "tn“‘ up !urnaaror
ol epine With whipping motlon; oscillatory in pitoh add roll; range of values given, T WANE radavery

6T



CHART 2.- SFFECTS OF EXTENDIEG SLATS OF THE BPIN AND REJOVERY

DOUGHLAS D558 = II AIRPLAKE o
ﬁonn:l, design gross welght losding; #tall control vahee installed; horizontal tail incilanae leading adge 6 down; left

QRARACTIRISTIOS OF THE g5-S0ALE NODEL OF THE

ereot spins;
stepdy-epin data preunad for and recovery attampted from rudder-rull-with spins; recovery attempted by rapid full rudder !
o TEvErasl cxoept as note
Slats rotrmated flate extendsd
g g * 18
d EN ﬁ .a\
o
a5 b b
& 12D
53 g 6o | © ¥o |spin
2kg p.21 270 (0,19
#rons e 3 o —
173 sgainst E':i' & 1/5 ngalnat ,ok'u *Hlaio 192
Tvo oonditions possible Two conditions possible
a a, b e Iy
47 l200 ho | ap 10D Es L
Alilsrons 150 | Adllerons
38 {100 full gkl B Mlerone % ° full 5 v Allerons
against full wl 256 against full with
220,20 (,u“, 256 |0.26] Mo| apin (g:i:,’: 23 et | 217 0,25| %ofspin (2:?{])‘ ¥o {spin
't t
O 22 Rl PRV L LYY
1,1
3 w5 o .
AL EE <3
‘ H§ P° Bodl-d
EEELLE: HogRE
Ko lspin
L e
Sycasl cocmaslonally cessed spinoing without xovasent of ths control surfaces, Nodel valusu o o
del spins osolllatory ln pitoh and TUll; renge of valuss given. oonvertsd to {aog) |(deg)
Svery attseptod by reversing the mdder from full with to 2/3 againat tho apin, - rresponiing ok
el spins osglllatery in roll and yay; renge of values glvan, full-soals valuas Y [23
phdal spins wilth whipping motlon; oseillatory in roll and yaw; vangs of velws glven, T inoer wing uwp * Lrps} |lrpe)
Wandaring spin; oseillatory in roll end yaw; range of values givem. D imner wing down - <
ros for
rocavery
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Elevator hinge Iine ' .
75 percent chord 14

Aileron hinge line

(83percent chord) 3282 71"
26" T
A 1
30 percent chord line
Stall control vone > < ”
2N r Atzggg”__
R
224 YTt
1
7.36"
1

10.23"— ——~

Fu:e/age reference fine
.
i e N

2016 J

Figure 1.- Three-view drewing of the s=-scale model of ths
Douglas D-558-I1 airplane as tested in the ILangley 20-foot
free-gpinning tunnel. Center of gravity i1s shown for normsal
gross welght condltion. Dimensions are model valuss.

.
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Figure 2.- The ‘2-]5;-808-16 model of the Douglag D-558-IT alrplane tested in the Langley 20-foot
free~spimming tumnel.
S
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339"

Wing showing stat
| ///' in gpen position
’ ’ Rlan view

——l 112" constont
_4 - -
7T
V Conjfl .06050/757?/’7%
- 76~
Enlarged detail view LE A

of location of open slat  Wing

Figure 3.- Sketch showing location and dimensions of open wing slats

tested on the %scale model of the D-558-II airplane in the

free-spinning tunnel. QNS



/—Ventral fin not

é — 130 ] v
——— 1240
—\\“‘——
L 71.0" ~
| /113.0" V.

entral finno. 2
WA
Figure 4.- Sketch of the ventral fins tested on the -,L%s-—sca.la model of the Douglas D-558-IT airplene
in the free-spinning tunnel (dimensions ere full-scale values).
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Filgure 5.- The %—scale model of the Douglas D-558-II airplane spinning
in the Langley 20-foot free-spinning tumnel.
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Figure 6.~ Insrtia parameters for loadings possible on the
D-558-I1 airplane and for the loading used on the -2?'—5-sca.le

model. (Points are for loadings listed in table III.)
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